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Abstract 
This paper adds to the body of knowledge about house owners in Germany as potential early adopters of electric cars. With the 
help of energy efficiency standards for new constructions, interviewees were divided into two groups: owners of energy-efficient 
houses and owners of conventional houses. Both groups were asked to take part in a choice experiment and to choose between a 
conventional car, a plug-in hybrid electric car and a battery electric car in different hypothetical choice situations. 
Results show that facing the situation to replace their present car house owners of both groups tend to choose a larger and more 
powerful car. Further, there is a tendency within both groups to choose a car with less fuel consumption. The results of the 
discrete choice experiment indicate that owners of energy-efficient houses have a statistically significant higher willingness to 
pay for plug-in hybrid electric cars and for battery electric cars with or without a range extender. 
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1. Introduction 
For a successful introduction of sustainable electromobility, it is important to know promising target groups. 
Owners of private homes have always been of interest since their cars can be linked straight forward to the grid. A 
recent survey (Frenzel et al. 2015) among German electric car owners shows that particularly well-educated people 
working in a full-time job, gaining an above average income and living in detached houses in small or medium-sized 
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towns have bought electric cars. Many of these private users are ecologically aware and nearly half of them own a 
photovoltaic system.  
The study presented here intends to add some further knowledge to describe early adopters of electric cars, 
especially plug-in hybrid electric cars (PHEV), battery electric cars (BEV), and range extended electric cars 
(REEV), among house owners. It focuses on owners of energy-efficient houses. In addition to the above mentioned 
characteristics of early adopters they can be assumed to have some technical knowledge and, therefore, they know 
that the first step towards energy-efficient housing is to reduce energy consumption. 
In this regard, two questions arise: Firstly, whether those who build more energy-efficient houses will be more 
willing to reduce their automobile energy consumption. Secondly, whether their willingness to pay for electric cars 
will be higher compared with owners of less energy-efficient, conventional houses. 
To answer these two questions the paper is structured as follows. In section 2 the German policy concerning 
electromobility is outlined as well as the policy concerning energy-efficient construction. In section 3 details on the 
method applied are given and a sample description is provided. Results are presented in section 4 providing insight 
to the two main research questions. Finally, in section 5 the paper is summarised, conclusions are drawn and an 
outlook for further research is given.  
2. Policy context 
2.1. Target for one million electric vehicles by 2020 in Germany 
In 2009 the German Federal Government adopted a National Electromobility Development Plan. The aim is to 
have one million electric vehicles on German roads by 2020. Though, the definition of electric vehicles comprises 
not only cars and light commercial vehicles but also two-wheeled vehicles (like personal human transporters and 
electric bicycles) and microcars which use electricity as a main source of energy. (German Federal Government 
2009) 
It was planned that 100,000 electric vehicles were driving in Germany by the end of 2014. In fact, only about 
24,000 electric cars were operated by that time. (Nationale Plattform Elektromobilität 2014) 
In 2015 the Electric Mobility Act (Elektromobilitätsgesetz, 2015) was adopted to increase the attractiveness of 
electric vehicles. Specific privileges as special parking rules and regulations (e.g. exceptional allowance for parking 
or discount on parking fees), the use of reserved lanes (e.g. bus lanes) as well as special access rights to restricted 
areas are possible. Under the new act local authorities are entitled to privilege electric vehicles in their area for the 
first time. 
2.2. Promotional programs for the construction of new energy-efficient houses in Germany 
The building stock in Germany has to be climate neutral by 2050 due to a target set by the Federal Government. 
One step towards target achievement is the introduction of energy obligations for new buildings. These energy 
efficiency requirements are defined in the Energy Saving Ordinance (Energieeinsparverordnung, EnEV, 2007) and 
the Energy Saving Act (Energieeinsparungsgesetz, EnEG, 2005). From 2021 all new buildings in the European 
Union have to be nearly zero-energy buildings (Directive 2010/31/EU). 
Actual requirements for new constructions concerning the maximum annual primary energy need for heating, hot 
water, ventilation and cooling as well as the maximum transmission heat loss are laid down in the EnEV. The EnEV 
describes the minimum requirements for new buildings. These requirements have been and will be updated for 
achieving the targets mentioned above. The last update was in 2014, when the current EnEV 2014 entered into force 
and replaced the EnEV 2009. 
There are promotional programmes for the construction of new energy-efficient houses in Germany. Energy-
efficient in this context means less energy consumption than the minimum requirements laid down in the EnEV. For 
owners of those houses the KfW Group (Kreditanstalt für Wiederaufbau) promotes specific financing products 
depending on the level of energy efficiency. Therefore, different energy efficiency standards exist for new 
constructions: A KfW Efficiency House 70 (or 55 or 40) consumes only 70 % (or 55 % or 40 %) of the maximum 
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primary energy need defined by the EnEV. In addition it is possible to achieve special conditions for the 
construction of passive or even plus-energy houses. 
3. Method and data 
Computer based interviews were conducted with house owners who have built their houses since 2009, whose 
houses were under construction or who were going to build their houses within the next six months. A house owner 
was defined as a person who actually buys or builds a new house. Renovation, energy-efficient modification, and 
extension of existing houses were not included in the definition. Therefore, the recruiting of interviewees was time-
consuming and interviews were conducted between November 2013 and February 2015. Most of the interviews took 
place at trade fairs for building and construction and at a permanent exhibition of prefabricated homes in North 
Rhine-Westphalia, Germany. 
3.1. Instrument 
In the first part of the interview questions concerning the house were asked in order to ensure the interviewees 
fell within the strict participation criteria. Mainly the KfW energy efficiency levels of 2009 were used to classify the 
houses of the interviewees in terms of their energy efficiency. The scale of different energy efficiency levels is the 
basis to classify the house owners into groups, the owners of more energy-efficient houses and the owners of rather 
conventional houses. 
 
Fig. 1. Example of an experimental choice situation 
In the second part of the interview the interviewees were asked whether they bought a new car within the last six 
months, whether they were going to buy a new car within the next six months or whether they were going to keep 
the situation unchanged. The main attribute levels of the car that was or would be replaced were collected in the next 
step. Interviewees who neither bought nor planned to buy a new car were requested to describe their car likely to be 
replaced next. Questions concerning the make, the model, the segment, the number of seats, the space, the power, 
the fuel consumption, the fuel type, and the price were asked. Further, the interviewees were asked to describe the 
attribute space in detail by five sub-criteria, namely space front seats, space first row back seats, space second row 
back seats, number of suitcases, and variability of the trunk. They were then asked to rank the space on a five-star 
scale. In the next step the attribute levels of the car purchased or next to be purchased, the ‘desired car’, were 
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collected. In addition to the attributes asked for the replaced car data on the range per tankful and the age of the car 
were collected. 
In the third part of the interview a stated discrete choice experiment was conducted. The interviewees were asked 
to choose between their desired car as described before, a PHEV and a BEV. All three options were assumed to be 
offered by the same manufacturer. In order to offer relevant electric cars to the interviewees their attribute levels 
were generated in relation to the desired car which, therefore, served as a reference option. Figure 1 illustrates such a 
choice situation.  
In eight choice situations the attribute levels of the electric cars were randomly varied according to an orthogonal 
fractional factorial design which allowed for an estimation of main effects as well as first order interactions 
(ChoiceMetrics 2012). The three cars were described by the following characteristics: power, number of seats, 
space, charging time, range per battery charge and tankful, electricity and fuel consumption per 100 km as well as 
price. Further, the BEV was equipped with a range extender (RE) in some situations, transforming it into a REEV. 
Within the framework of random utility theory a multinomial logit model was estimated. Maximum likelihood 
estimation procedure was applied to derive the coefficients of the utility functions. (Ben-Akiva, Lerman 1985) 
In the fourth part of the interview the interviewees were asked to describe the expected usage of the desired car 
and demographic and socio-economic data were collected. 
3.2. Sample description 
In total 167 valid interviews with 1332 choice decisions were conducted. For answering the two main research 
questions, the respondents were divided into two groups: owners of more energy-efficient houses (KfW 55 to Plus-
Energy House) and owners of rather conventional houses (EnEV to KfW 70). 
 
 
Note: the level KfW efficiency house 85 existed for new constructions until July 2010. 
Fig. 2. Frequency distribution of the energy efficiency levels (n=167) 
Figure 2 indicates the distribution of energy efficiency levels of the interviewees’ houses. The level KfW 
efficiency house 85 existed for new constructions until July 2010. 
As reported in table 1 around half of these houses were already build and half of them are under construction or 
their construction is planned in the near future. The building application is submitted for 34 of those houses. 
When facing the choice experiment almost 70 % of the respondents had to assume that one of their cars had to be 
replaced. At least 30 % could refer to a real car purchasing situation. 
On average the expected use of the desired car was quite similar for both groups of house owners. 67 % and 61 % 
of the two groups, respectively, want to use the desired car not only for short trips but also for longer trips at 
weekends or vacation trips. This corresponds with both groups stating on average more than 800 km as the longest 
trip distance the desired car will be used for. Further, both groups state an annual mileage of the desired car well 
above the average mileage of cars in Germany which is 14,259 km/year (KBA 2015). 42 % and 49 % of this 
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mileage, respectively, will be driven on motorways. Both groups state a very similar useful life of the desired car of 
7.8 and 8.0 years, respectively.  
 
Table 1. Status of construction, car purchasing situation, car usage patterns 
 Owners of  
conventional houses 
(n=103) 
Owners of  
energy-efficient houses 
(n=64) 
Total 
 
(n=167) 
 abs. rel. adj. abs. rel. adj. abs. rel. adj. 
Status of Construction       
   Construction is completed. 54 52 % 18 28 % 72 43 % 
   Construction is ongoing or planned. 49 48 % 46 72 % 95 57 % 
      Building application is submitted. 20 41 % 14 30 % 34 36 % 
 
Car Purchase       
   Car was purchased within the last 6 months. 18 17 % 6 9 % 24 14 % 
   Car purchase is planned within the next 6 months. 13 13 % 14 22 % 27 16 % 
   hypothetical car purchase 72 70 % 44 69 % 116 69 % 
 
Desired Car Usage Patterns        
   Long weekend or vacation trips 69 67 % 39 61 % 108 65 % 
   Longest trip distance the car will be used for [km]  832  836  834  
   Annual mileage [km] 18,981  18,211  18,686  
      on urban roads [%]  42 %  49 %  45 % 
      on rural roads [%]  26 %  24 %  25 % 
      on motorways [%]  33 %  27 %  31 % 
   useful life [years] 7.8  8.0  7.9  
 
4. Results 
4.1. Reduction of automobile energy consumption 
The interviewees were asked to describe the main attribute levels of the desired car as well as of the car to be 
replaced. These attribute levels were compared for 44 owners of energy-efficient houses and 69 owners of 
conventional houses. Figure 3 shows the results. Chi-square tests of homogeneity were conducted. 
Owners of energy-efficient houses as well as those of conventional houses would rather choose a car in the same 
or a larger vehicle class. Accordingly, around half of both groups of house owners would replace their car by a more 
powerful one. Also with regard to changes in the number of seats and the space house owners do not differ 
significantly. The number of seats remains unchanged for most of the house owners. Around half of the house 
owners of both groups would prefer a car of the same space and around 40 % a car providing more space.  
On the contrary, it seems that there is a larger percentage of owners of energy-efficient houses, who intend to 
reduce the fuel consumption when acquiring their desired car. But some of the interviewees changed the kind of fuel 
e.g. the present car had a petrol engine and the desired car should operate with a diesel engine. Since normally petrol 
engines consume more fuel than diesel engines the interviewees who changed the kind of fuel to diesel could have 
expected a changed fuel consumption of their desired car without having energy efficiency thoughts in mind. 
Therefore, the fuel consumption was compared a second time just regarding those house owners who did not shift 
the kind of fuel (32 owners of energy-efficient houses, 49 owners of conventional houses). Both groups of house 
owners do not differ significantly anymore. 
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Note: in order to meet the requirements of the homogeneity tests the answers ‘desired car < present car’ and ‘desired car = 
present car’ were combined for the variables number of seats and space. 
Fig. 3. Attribute levels of desired cars compared with present cars 
It seems that a large percentage of both groups desire to have larger and more powerful cars. Even the intention 
to reduce the fuel consumption is common for owners of energy-efficient houses as well as for those of conventional 
houses. This context indicates that there seems to be no difference in their willingness to reduce their automobile 
energy consumption. 
4.2. Willingness to pay for electric cars 
As described above the interviewees were asked to choose between their desired car (ICEV), a PHEV and a BEV 
in several different choice situations. Within the framework of random utility theory a multinomial logit model was 
estimated. Maximum likelihood estimation procedure was applied. This leads to the probability ܲ that a car was 
chosen depending on the attribute levels of the three car options. In example the probability ܲ that the BEV was 
chosen is described as:  
  
 
 
 
where ܺ were the vectors of attribute levels of the three options and β´ were the vectors of estimated utility 
coefficients of the attributes. The estimation was carried out with the statistical programme NLOGIT 4.0. 
(Econometric Software Inc. 2007) 
The estimated model is described in table 2. The Loglikelihood value of the estimated model is LL = -1155.392. 
In comparison with the model with constants only the value of the likelihood ratio test statistic is χ2 = 495.948. The 
attributes of the electric cars were treated as differences between their attribute levels and the associated attribute 
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levels of the desired car. For the variables price, power, space and seats generic parameters were estimated. The 
coefficient βprice shows the expected negative sign and is statistically significant. This means utility decreases when 
the price of a car increases and, therefore, the probability of the car being chosen decreases. The statistically 
significant coefficients βpower and βspace show the expected positive sign. The discrete variable seats with the levels 
‘equal number of seats compared with the desired car’, ‘one seat less’, and ‘two seats less’ was effect coded. (Bech, 
Gyrd-Hansen 2005) The coefficient βseatsequal shows a significant high positive value, the value of the coefficient 
βseats-1 is much smaller, though positive and statistically significant. This means that one seat less leads to a marginal 
utility of the difference between βseats-1 and βseatsequal. The marginal utility of another seat less (-βseats-1 + -βseatsequal) - 
βseats-1 is much larger. 
Table 2: Utility coefficients 
Coefficient Value Std. err. β/Std. err. P[|Z|>z] 
Generic attributes 
βprice -0.00016651 .132763D-04 -12.542 .0000 
βpower 0.00990039 0.00143867 6.882 .0000 
βspace 0.11873485 0.06402485 1.855 .0637 
βseats-1 0.17120148 0.08164708 2.097 .0360 
βseatsequal 0.63153894 0.06955995 9.079 .0000 
PHEV specific attributes 
βgroupPHEV 0.37373930 0.07683034 4.864 .0000 
βfastchargePHEV 0.32031817 0.07557503 4.238 .0000 
βerangePHEV 0.00224478 0.00254507 0.882 .3778 
βelectricityPHEV -0.03406849 0.00810586 -4.203 .0000 
βtankfulPHEV 0.00041242 0.00022187 1.859 .0631 
βfuelPHEV* -0.18193850 0.03946249 -4.610 .0000 
BEV specific attributes 
βgroupBEV 0.46809489 0.07519209 6.225 .0000 
βfastchargeBEV 0.18124970 0.08196034 2.211 .0270 
βfastchargeRE -0.02853347 0.08380785 -0.340 .7335 
βerangeBEV 0.00293246 0.00057952 5.060 .0000 
βerangeRE -0.00153719 0.00057801 -2.659 .0078 
βelectricityBEV -0.03117330 0.01281715 -2.432 .0150 
βelectricityRE 0.00085421 0.01279151 0.067 .9468 
βtankfulBEV 0.00006376 0.00035378 0.180 .8570 
βtankfulNoRE 0.00214437 0.00044672 4.800 .0000 
βfuelBEV* -0.18193850    
βfuelNoRE -0.00978954 0.04701323 -0.208 .8350 
* The coefficient is actually generic, since the fuel consumption for the range extender was assumed to be the same as of the desired car in order 
to ease the information burden of the choice experiment.  
 
For the variables related to the electric drive and the energy consumption alternative specific coefficients were 
estimated. This was necessary because the attribute levels of the PHEV and the BEV show some systematic 
differences, e.g. the range of the battery which is usually rather small in the PHEV and quite large in the BEV. 
The time to charge the battery was effect coded. A fast charging time of 20 minutes was coded -1 and longer 
charging times of 2 or 8 hours were coded 1. The coefficient βfastchargePHEV is larger compared with the coefficient 
βfastchargeBEV. This means that interviewees gain more utility from a fast charging mode in a PHEV compared with 
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fast charging mode in a BEV. One reason for this could be that batteries of the PHEV are usually smaller compared 
with the BEV and people expect these batteries to be charged in shorter periods of time. Further, the coefficient for 
the interaction between the range extender and the fast charging mode βfastchargeRE occurs not to be statistically 
significant. 
The statistically not significant coefficient for the range of the battery βerangePHEV shows at least the expected 
positive sign. For the BEV the utility of the range of the battery is statistically significant positive. Though, it 
depends statistically significant on the range extender: The coefficient for the interaction between the range of the 
battery and the range extender βerangeRE reduces βerangeBEV substantially if there is a range extender and, vice versa, 
adds to βerangeBEV if there is no range extender. This means that the range of the battery matters much more when the 
BEV is not equipped with a range extender.  
The coefficient for the difference of the range of a tankful of the PHEV and of the desired car βtankfulPHEV is only 
significant on the 10%-level. The coefficient for the difference of the range of a tankful of the BEV which was 
equipped with a range extender and of the desired car βtankfulBEV is not statistically significant at all. But the 
coefficient for the missing range of a tankful when the BEV was not equipped with a range extender βtankfulNoRE is 
substantial and much larger compared with βtankfulPHEV. 
The coefficient for the electricity consumption of the PHEV βelectricityPHEV has the expected negative sign and is 
statistically significant. This holds for the coefficient of the BEV βelectricityBEV as well, whereas the coefficient for the 
interaction of the electricity consumption and the range extender βelectricityRE is not statistically significant. The 
coefficient for the fuel consumption is a generic coefficient since it was assumed that the range extender of the BEV 
had the same fuel consumption as the desired car. If there was no range extender the difference was also assumed to 
be zero in order to measure the effect of no fuel consumption of the BEV in a specific variable. The estimated 
coefficient for the fuel consumption βfuel shows the expected negative sign and is statistically significant. The 
coefficient of no fuel consumption of the BEV βfuelNoRE turns out not to be statistically significant.  
In addition to the described car choice model an indicator variable split the house owners into two groups. The 
owners of energy-efficient houses were coded 1 and the owners of conventional houses were coded -1. This 
characteristic of the house owners was added to each of the utility functions of the two electric vehicles. The 
coefficient βgroupPHEV is statistically significant and has a positive sign. The same holds for the coefficient βgroupBEV. 
This means both, the PHEV as well as the BEV have a genuine utility for the group of the owners of energy-
efficient houses compared with the owners of conventional houses.  
If at the same time the price increases or decreases by the ratio of the coefficient of the indicator variable and the 
price variable the utility and, therefore, the choice probability of a car remains unchanged. This corresponds to the 
concept of willingness to pay. (Train 2003) Since the indicator variable was effect coded the willingness to pay is 
then 2* βgroupPHEV/βprice for a PHEV and 2* βgroupBEV/βprice for a BEV. This means on average those of the group of the 
owners of energy-efficient houses would be prepared to pay 4489 € for a PHEV and 5622 € for a BEV more 
compared with owners of conventional houses.  
Models including interaction terms between the indicator variable for the two groups of house owners and the 
attributes of the cars were not estimated statistically significant. 
5. Summary, conclusions and outlook 
In order to evaluate whether owners of energy-efficient houses will contribute to a sustainable electromobility 
two research questions were derived: Firstly, whether those who build more energy-efficient houses will be more 
willing to reduce their automobile energy consumption. Secondly, whether their willingness to pay for electric cars 
will be higher compared with owners of less energy-efficient, conventional houses. 
To this end a survey among house owners in Germany was conducted. According to the energy standards of their 
houses they were divided into two groups, the owners of energy-efficient houses and the owners of conventional 
houses. Both groups were asked to describe the latest car they bought or the car they will purchase next, the ‘desired 
car’ and the one which was or will be replaced. This method allowed to compare the attribute levels of the desired 
cars with the attribute levels of those to be replaced for both groups. As a first result it seems that the two groups do 
not differ in a statistically significant way. Both groups tend to purchase cars at least as large and powerful they used 
to drive. But also both groups tend to purchase cars with less fuel consumption. 
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The attribute levels of the desired cars served as a reference option in a stated discrete choice experiment with 
both groups of house owners. In several different hypothetical choice situations they were asked to choose between 
the desired car, a PHEV, and a BEV with or without a range extender. Within the framework of random utility 
theory a multinomial logit model was estimated. Rather differentiated utility functions were estimated for both, the 
PHEV as well as the BEV. Further, a coefficient for a variable indicating the two groups of house owners was 
estimated statistically significant as well. According to the results both electric car options give a genuine utility 
especially to the owners of energy-efficient houses. The willingness to pay was calculated and amounted to around 
4,500 € for the PHEV and to around 5,600 € for the BEV compared with the willingness to pay of owners of 
conventional houses.  
Research work on the economic viability of electric cars is still ongoing. Results and the consequences for house 
owners as a target group for electric cars will be reported elsewhere. 
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